Studies of the pathogenesis of enterotoxigenic Escherichia coli (ETEC) have largely centered on extrachromosomal determinants of virulence, in particular the plasmid-encoded heat-labile (LT) and heat-stable enterotoxins and the colonization factor antigens. ETEC causes illnesses that range from mild diarrhea to severe cholera-like disease. These differences in disease severity are not readily accounted for by our current understanding of ETEC pathogenesis. Here we demonstrate that Tia, a putative adhesin of ETEC H10407, is encoded on a large chromosomal element of approximately 46 kb that shares multiple features with previously described E. coli pathogenicity islands. Further analysis of the region downstream from tia revealed the presence of several candidate open reading frames (ORFs) in the same transcriptional orientation as tia. The putative proteins encoded by these ORFs bear multiple motifs associated with bacterial secretion apparatuses. An in-frame deletion in one candidate gene identified here as leoA (labile enterotoxin output) resulted in marked diminution of secretion of the LT enterotoxin and lack of fluid accumulation in a rabbit ileal loop model of infection. Although previous studies have suggested that E. coli lacks the capacity to secrete LT, our studies show that maximal release of LT from the periplasm of H10407 is dependent on one or more elements encoded on a pathogenicity island.
Enterotoxigenic Escherichia coli (ETEC) causes diarrheal diseases that range in severity from mild, self-limited illness to more severe cases that are clinically indistinguishable from cholera (21, 55, 56) . ETEC infections remain a significant cause of childhood morbidity and mortality in developing countries, causing one-fifth of all severe diarrheal illnesses (35) , and accounting for nearly three quarters of a million deaths per year in children under the age of 5 years (67) . Worldwide, this pathogen causes an estimated 600 million cases of diarrheal illness each year. It is the most common cause of diarrhea in travelers (3) and in soldiers deployed to developing countries (7, 34) .
Studies to date of the pathogenesis of ETEC infection and vaccine development have largely focused on the known plasmid-encoded virulence factors (33, 36) . These include a diverse repertoire of fimbrial colonization factor antigens (CFAs), critical for colonization of the small intestine (25) , and heat-labile (LT) and heat-stable (ST) enterotoxins, responsible for net secretion of fluid into the intestine and diarrhea (2, 59) . LT is a multimeric protein composed of an A subunit and a B subunit pentamer and is structurally similar to cholera toxin (CT) (62) . Both toxins can translocate across the outer membrane of Vibrio cholerae via the two-step general secretion pathway (GSP). In the first step, the N-terminal signal peptides of the subunits are cleaved during sec-dependent (66) transport across the inner membrane to the periplasm, where the proteins combine to form the holotoxin (30) . Secretion across the outer membrane requires a second system known as the main terminal branch of the GSP (50, 57) . Homologues of the eps genes, which comprise the GSP in Vibrio cholerae, can be found in E. coli K-12 (5) . However, the gps operon of E. coli appears to be cryptic (23) , and previous studies found that a K-12 derivative was incapable of exporting either CT or LT beyond the periplasm (31, 51) . The presence of LT in supernatants of some wild-type ETEC strains (38) and the occurrence of cholera-like diarrhea in infections caused by these organisms suggest that they may possess previously uncharacterized virulence factors required for enterotoxin export.
In previous studies with ETEC H10407, a strain isolated from a patient with severe cholera-like disease in Bangladesh (20) , we identified a chromosomal locus that encodes the putative adhesin Tia (22) . Here we report that this locus resides on a pathogenicity island that shares many features with those previously described in other pathogenic E. coli strains. Importantly, we have identified a gene encoded on the island that is required for export of the heat-labile toxin, a finding that may relate to the cholera-like disease caused by some ETEC infections.
MATERIALS AND METHODS
Bacterial strains. The E. coli K-12 strain MG1655 (5) was obtained from the E. coli Genome Center, University of Wisconsin, Madison. Pathogenic E. coli strains were obtained from collections of clinical isolates maintained at the Walter Reed Army Institute of Research or the Memphis Veterans Affairs Medical Center. The strains and plasmids used are listed in Table 1 .
DNA sequencing of the tia locus. Two overlapping tia ϩ pHC79-based cosmids, pET101 and pET102, served as the initial templates for DNA sequencing using the Applied Biosystems 373 automated sequencer. Sequence was determined by several methods. To locate the flanking ends of the island, the ends of each of the cosmid inserts were sequenced by primer walking, starting with primers pHC79.314-331 (5Ј-CTC GCT TCG CTA CTT GGA-3Ј) and pHC79.517-500 (5Ј-CAT ACC CAC GCC GAA ACA-3Ј), which flank the BamHI site of pHC79. To facilitate sequencing of the 12-kb region downstream from tia, the entire region was amplified from pET101 using the proofreading polymerase rTth, XL (Perkin Elmer), and primers pHC79.314-331 and 12209601 (5Ј-GCA CGA AAT GTA ACT GGA-3Ј). The amplicon was then partially digested with Sau3AI to produce a series of small fragments (average size, Յ2 kb), which were then randomly cloned into the BamHI site of pGEM-7zf(ϩ). Conserved SP6 and T7 vector primers were then used to sequence the insert regions of the subclones in both directions. The data obtained in this fashion were then used to construct primers to obtain additional sequence by primer walking. Sequence data were edited and assembled into contiguous sequence with the Sequencher program (Gene Codes, Ann Arbor, Mich.). Further analysis employed the ORF Finder and BLAST (1) programs available at the National Center for Biotechnology Information website (www.ncbi.nlm.nih.gov). Translations of the candidate open reading frames (ORFs) were then searched against databases to identify putative motifs not identified by BLAST using the sites www.http://dna.stanford.edu/ identify (48) and http://www.motif.genome.ad.jp.
DNA hybridization studies. Genomic DNA was prepared from E. coli strains by established protocols (22) . The resulting DNA was then dotted onto nylon membranes and hybridized with digoxigenin-labeled DNA probes made by random primer labeling of either PCR products or restriction digest fragments from the original cosmids (Fig. 1 ). Hybridizations were done under high-stringency conditions at 68°C without formamide, and posthybridization washes were performed with 2ϫ SSC (1ϫ SSC is 0.15 M NaCl, 0.015 M sodium citrate)-0.1% sodium dodecyl sulfate (SDS) at room temperature followed by 0.1ϫ SSC-0.1% SDS at 68°C.
Multiprimer PCR. PCR was used to demonstrate interruption of the selC tRNA gene by using primers flanking the selC gene (designated 102.wr001 and 101.399-416) and a third primer based on sequence internal to the island (102.wr008). Genomic DNA from either E. coli K-12 (MG1655) or clinical ETEC strains was used as the template. Reactions were done in a Perkin Elmer 2400 thermal cycler, with denaturing for 5 min at 94°C, followed by 35 cycles of 30 s at 94°C, 30 s of 50°C, and 1 min at 72°C, and a final extension for 7 min at 72°C.
Construction of an in-frame deletion in leoA. To construct an isogenic ⌬leoA mutant (see Fig. 4 ), four-primer PCR was first used to engineer a product containing an in-frame 822-bp deletion in leoA (14, 41) . Oligonucleotide ⌬orf4.1 was constructed as a 34-bp fragment with nucleotides 1 to 17 and 18 to 34 corresponding to bases 152 to 168 and 991 to 1007 of leoA, respectively. Oligonucleotide ⌬orf4.2 is the reverse complement of ⌬orf4.1. Primers ⌬orf4.3 and ⌬orf4.4 flank the orf4 sequence and contain XbaI restriction sites at their 5Ј ends. Primers ⌬orf4.1 and ⌬orf4.4 and primers ⌬orf4.2 and ⌬orf4.3 were combined in separate PCRs with H10407 genomic DNA as the template. Products from these reactions were then combined in a third reaction mixture to generate a 1,680-bp XbaI insert fragment from pES009 cloned into pCVD442 This study pES011 pQE-30-based leoA expression plasmid This study amplicon containing the deletion, which was then cloned into pT7blue-3 to yield pES009. The XbaI insert from pES009 was subsequently cloned into the XbaI site of pCVD442 (13) to yield plasmid pES010, which was introduced into H10407(pPIR-K) (53) to perform suicide vector-directed double homologous recombination. Loss of the leoA sequence from the resulting strain (242.⌬4) was confirmed by PCR and Southern blot hybridization. To complement the ⌬leoA deletion, 242.⌬4(pREP4) was transformed to ampicillin resistance with the pQE-30-based leoA expression plasmid pES011. LT production assays. Subcultures from frozen bacterial stocks maintained at Ϫ20°C were grown overnight in CYE-glucose medium (54) at 37°C with vigorous aeration. Cells were pelleted by centrifugation at 16,000 ϫ g for 15 min. The resulting clarified bacterial supernatants were frozen at Ϫ80°C. To measure LT retained in the periplasm, bacterial pellets from mid-logarithmic growth phase cultures were washed twice in 1 ml of cold phosphate-buffered saline and resuspended in an equal volume of buffer containing 25 mM Tris HCl (pH 8.0), 10 mM EDTA, lysozyme (3 mg/ml), polymyxin B (2 mg/ml), and phenylmethylsulfonyl fluoride (8 g/ml). After incubation on ice for 10 min, pellets were subjected to repeated freeze-thaw cycles to release any LT remaining in the periplasm (38, 51) . After centrifugation at 4°C and 16,000 ϫ g for 15 min, clarified lysates were frozen at Ϫ80°C until used in LT assays. Measurement of LT was performed with the mixed-ganglioside enzyme-linked immunosorbent assay (10) .
Analysis of extracellular and periplasmic proteins. To exclude the possibility of LT release on the basis of nonspecific lysis of the bacteria, supernatant and periplasmic fractions were analyzed by SDS-polyacrylamide gel electrophoresis (PAGE) (39) and assayed for activity of the periplasmic enzyme alkaline phosphatase using the chromogenic substrate p-nitrophenyl phosphate (PNPP) as previously described (45) . Hydrolysis of PNPP was detected at an optical density at 420 nm, and the values were adjusted for the optical density at 600 nm of the respective cultures. Extracellular proteins for SDS-PAGE analysis were concentrated by precipitation with 10% (wt/vol) ice-cold trichloroacetic acid and washed with ice-cold acetone. Samples were resuspended in buffer containing 2-mercaptoethanol and heated at 95°C for 10 min, and proteins were separated by SDS-PAGE. Proteins were visualized by colloidal Coomassie staining (47) .
Rabbit ileal loop assay. Rabbit ileal loop studies were performed as previously described (12, 49) with 2-kg male New Zealand White rabbits. Rabbits were fasted for 48 h prior to surgery. Laparotomy was performed to externalize the intestine by aseptic technique under anesthesia with intramuscularly administered ketamine (35 mg/kg) and xylazine (5 mg/kg). Loops were created in the jejunum by placing ligatures at 10-cm intervals and separating loops with a 1-cm interposing loop. Test strains were grown from single colonies in 2 ml of LB on the morning of the assay, and the number of cells was adjusted to approximately 10 8 CFU/ml. A 1-ml inoculum was injected into each loop in random fashion, the intestine was internalized, and the incision was closed. After approximately 18 h, the volume of fluid in each loop was measured.
Statistical analysis. Assay results were compared by using the unpaired Student t test with MultiStat software (Biosoft, Cambridge, United Kingdom).
Nucleotide sequence accession number. The leoA sequence has been assigned GenBank accession number AF170971.
RESULTS
Localization of the tia locus to selC. Initial sequencing of the inserts of H10407 genomic cosmid clones pET101 and pET102 by primer walking revealed that the flanking ends of these cosmids contained DNA sequence identical to that of E. coli K-12 (Fig. 2) . However, further DNA sequence analysis of the end of the pET102 insert far upstream from tia revealed that this sequence homology with E. coli K-12 ends abruptly with the 25-bp sequence 5Ј-TTCGACTCCTGTGATCTTCCGCC AA-3Ј. Sequencing the end of pET101, far downstream from tia, demonstrated the same 25-bp sequence arranged in a direct orientation. These direct repeat (DR) elements, which are identical to those flanking pathogenicity island 1 (PAI 1) from the uropathogenic E. coli strain 536 (37), flank a region of approximately 46 kb inserted at the 3Ј end of the selC tRNA gene at precisely the same location as PAI 1 and the locus of enterocyte effacement from enteropathogenic E. coli (6, 46) . This is also identical to the point of insertion of a pathogenicity island in Salmonella enterica subsp. enterica serovar Typhimurium, which contains genes mediating the survival of the organism in macrophages (4).
Forty-six geographically diverse human clinical ETEC strains comprising a diverse collection of serotypes, CFA types, and toxin types were examined by DNA hybridization studies. While slightly more than half (57%) of these strains hybridized to six or more island probes, we noted considerable heterogeneity in the hybridization patterns. Genomic DNA from some strains such as DS7-3 yielded hybridization patterns identical to that of H10407, whereas others such as strain EDL903 hybridized with a single PAI probe (Fig. 3) . When genomic DNA from a subset of 11 clinical ETEC strains was subjected to three-primer PCR (Fig. 3) , we noted similar heterogeneity. Some strains (e.g., EDL903) yielded an amplicon of approximately 341 bp, such as would be predicted for an intact selC region. Conversely, PCR with DNA from H10407 and other ETEC strains resulted in the 961-bp product predicted for a selC region that has been interrupted by the island. We were unable to amplify either product from some ETEC strains, suggesting the presence of insertions in selC that differ from the H10407 island. Still other strains such as DS67-1 (LT Ϫ ) hybridized to 10 of 10 PAI probes but yielded the 341-bp amplicon, indicating that in this strain the island is inserted at a location other than selC. There was no clear correlation of presence or absence of the island with CFA type or toxin genotype.
A number of other diarrheagenic E. coli strains also yielded genomic DNA which hybridized to multiple island probes, including enteropathogenic E. coli B170 (nine of nine probes) and enterohemorrhagic E. coli EDL931 (eight of nine probes). Laboratory strains and normal intestinal isolates of E. coli did not hybridize with the majority of the probes tested.
tia locus shares structural features with pathogenicity islands. In addition to the presence of DR elements and insertion in a tRNA gene, the tia locus has additional features in common with previously described PAIs (26) . Analysis of the sequence immediately upstream from the tia gene revealed the presence of a candidate ORF encoding a putative protein of 77 amino acids (aa). Comparison of this ORF translation with known sequences in GenBank demonstrated that it contains a high degree of homology to the last 54 aa of the E. coli prophage P4 integrase (70% identity, 79% similarity) (8), suggesting that this ORF represents a nonfunctional remnant of an integrase gene. Downstream from tia, the first candidate ORF inside the island encodes a putative peptide of 397 aa that is Fig. 1.) nearly identical to the 393-aa CP4-like integrase found at the end of the EDL933 locus of enterocyte effacement (52) . Also situated at this end of the island in close proximity to the CP4-like integrase are two ORFs which encode predicted peptides with 96 and 99% identity to hypothetical proteins of 34.4 and 13 kDa from IS2, respectively. This follows a pattern similar to that seen in EDL933, in which ORFs L0004 and L0006 adjacent to the CP4-like integrase appear to be part of an insertion sequence element (52) . Finally, the GϩC content of this large insertion is approximately 43.7% (based on 37 kb of sequence data), versus 51% for the surrounding E. coli chromosome, supporting horizontal transfer of the island into the genome of H10407.
Maximal secretion of LT from ETEC H10407 requires a gene encoded on the pathogenicity island. The region downstream from the tia gene was sequenced in its entirety in both directions. Analysis of this region demonstrated the presence of at least four candidate ORFs in the same transcriptional orientation as tia (Fig. 2B) . One of these, orf4, encodes a putative protein of 578 aa with considerable homology to the putative 573-aa protein encoded by the Helicobacter pylori gene designated HP0731 (64) . While no function has been assigned to HP0731, the deduced amino acid sequence of orf4 contains several motifs shared by proteins from bacterial secretion apparatuses (Table 2 ). These include an ATP/GTP binding site, (65), and a second motif in common with the HlyD hemolysin translocator protein (60) . Finally, this putative protein contains a third element found in some type II secretion proteins, including EpsE, a component of the general secretion pathway required for export of CT through the outer membrane of Vibrio cholerae (58) .
Although the candidate protein encoded by orf4 has no overt homology to those involved in the secretion of CT, most proteins containing ATP-binding cassette (ABC) motifs are involved in transport of substances across the bacterial membrane (42) . Thus, we chose to begin to assess the contribution of this putative PAI to the virulence of ETEC H10407 by focusing on orf4.
An in-frame deletion in orf4 was constructed. Testing of the resultant mutant strain, 242.⌬4, in the rabbit ileal loop model revealed that it caused little or no fluid accumulation (0.47 Ϯ 0.21 ml) in comparison to the parent (6.17 Ϯ 1.31 ml) (P ϭ 0.0001) (Fig. 5) . Complementation of 242.⌬4 with the gene in trans on the expression plasmid pES011 restored virulence in this model to nearly wild-type levels (4.67 Ϯ 0.58 ml) (P ϭ 0.21).
Previous investigators observed that LT ϩ clinical ETEC strains exhibit marked strain-to-strain variation in enterotoxin activity as assessed in vitro using measurements of cyclic AMP and in vivo in the rabbit ileal loop model (15) . These findings could at least in part account for the variation observed in the severity of ETEC-associated diarrhea. Because of the effects of the orf4 deletion in the rabbit ileal loop model, we questioned whether orf4 might play a role in export of LT. ETEC H10407 secreted a significant amount of LT into culture supernatants (211.28 Ϯ 0.52 ng/ml), while the mutant strain 242.⌬4 did not (5.64 Ϯ 0.64 ng/ml) (P ϭ 0.0025) (Fig. 5B) . Finally, the amount of toxin secreted by the complemented strain 242.⌬4(pES011) (220.4 Ϯ 2.4 ng/ml) was not significantly different from the amount released by the parent strain (P ϭ 0.14). Together, these data suggest that toxin release is dependent on orf4. Conversely, in mid-log-phase cultures, the amount of LT retained in the periplasmic space of the 242.⌬4 mutant strain was significantly greater (20.85 Ϯ 0.93) than that of the wild type (6.71 Ϯ 0.61 ng/ml) (P ϭ 0.04), indicating that interruption of orf4 results in defective export of LT rather than a decrease in its synthesis. The amount of LT retained in the periplasm of the complemented mutant 242.⌬4(pES011) was not appreciably different from the amount in the parent strain. Orf4 was subsequently designated leoA, for labile enterotoxin output A. Two additional ETEC strains were also evaluated for LT secretion and the presence of the PAI. The LT ϩ clinical ETEC strain EDL903 secreted very little LT into the supernatant and retained the majority of the enterotoxin in the periplasmic space. Interestingly, this strain did not contain the PAI (Fig. 3C  and D) . Strain DS7-3, which contained the entire PAI in selC, secreted LT at a level comparable to that in H10407 (data not shown).
To exclude the possibilities that release of LT from the periplasm of H10407 is actually the result of autolysis and that the leoA mutant is deficient in nonspecific release of proteins from the periplasm, we analyzed the periplasmic extracts and culture supernatants of both strains using an established assay for alkaline phosphatase (45) . We found no appreciable difference in the amounts of alkaline phosphatase activity in periplasmic fractions from the parent and mutant. We were not able to detect enzyme activity in supernatants from either strain. Furthermore, SDS-PAGE analysis of whole-cell lysates, periplasmic extracts, and trichloroacetic acid-precipitated proteins in the supernatants of the wild type and mutant failed to show any difference between the two strains.
Identification of a putative secretion apparatus downstream from tia. The majority of ABC domains are found in the context of multicomponent membrane transport systems (42) . Analysis of the deduced translation products of the other candidate genes downstream from tia revealed multiple motifs commonly associated with bacterial secretion apparatuses (Table 2). Following tia are two additional closely spaced candidate ORFs that share homology with a candidate gene of unknown function in the genome of H. pylori strain 26695 immediately adjacent to HP0731 (64) . Translation of the first ORF downstream from tia (orf2) yields a predicted protein of 220 aa that shares homology with 87 aa of the amino terminus of the putative 521-aa protein encoded by HP0733. It also contains a potential ATP/GTP binding motif, (65), and shares limited homology with a number of ABC membrane transporter proteins. The 571-aa putative protein encoded by orf3 also has HP0733 as its closest homologue, but the region of homology differs, extending from aa 128 to aa 433 of HP0733. This protein shares limited homology with a number of ATPases and at its amino terminus possesses a SecA motif characteristic of proteins that couple the hydrolysis of ATP to the transfer of proteins across the membrane (40). 
DISCUSSION
ETEC is associated with diseases that vary in severity, ranging from mild illness to severe cholera-like presentations characterized by profuse watery diarrhea (21, 56) . These differences are not easily accounted for by our current understanding of the pathogenesis of ETEC infections. While Echeverria et al. had previously suggested that variable amounts of LT produced by clinical ETEC strains could at least in part account for differences in the severity of ETECassociated diarrhea (15) , the mechanism(s) underlying this variation was unclear.
As with other bacterial pathogens, the ultimate outcome of infection may relate to the presence or absence of genes encoded on pathogenicity islands. Previous studies with H. pylori have suggested that variations in the cag pathogenicity island contribute to differences in clinical presentations of this disease that range from asymptomatic infection to peptic ulcer disease (9, 61) . Moreover, Conner et al. have suggested that maintenance of an "archipelago" of pathogenicity islands is required for full virulence of Salmonella serovar Typhimurium (11) . Interestingly, one of these islands bears iviVI-A (28), which encodes a close homologue to the product of the tia gene located within the ETEC island described here. Our experiments also suggest that manifestation of the cholera-like disease initially associated with ETEC H10407 (19, 20) requires the complement of genes encoded on the PAI described herein.
Previous studies have suggested that LT remains largely in the periplasm of E. coli (31, 32) . However, in experiments performed by Hirst et al., laboratory strains of E. coli were used as hosts for recombinant plasmids bearing the LT genes, and they concluded that LT was not necessarily confined to the periplasm of wild-type ETEC (32) . Other investigators have demonstrated that significant amounts of LT are in fact released from wild-type ETEC strains when grown under the appropriate conditions (38) . Our studies suggest that export of the LT occurs with at least some strains of ETEC and that this process is dependent on factors not found in E. coli K-12 and other laboratory derivatives.
Although the precise role of LeoA in the release of LT from the periplasm of H10407 awaits further study, we found multiple motifs associated with bacterial secretion clustered among the proteins encoded by leoA and the neighboring genes. This raised the possibility that these ORFs encode orthologous elements in H10407. This region contains two putative ABC motifs, most of which are found in proteins involved in transport of substances across the bacterial membrane (42) . The presence of multidomain proteins, presumably the result of gene fusion, is a major feature of the ABC transporters (42) . This could explain the appearance of multiple potential motifs often found in individual proteins of other secretion systems within LeoA. Although these data support a role for the involvement of leoA in the secretion of LT from H10407, this region of the PAI does not correspond to any of the bacterial secretion systems (types I to IV) that have been described to date. Secretion across the outer membrane of H10407, and of gram-negative pathogens in general, could ultimately prove to be more complex than has been appreciated.
The putative products of the leoA gene and candidate ORFs 2 and 3 each share homology with predicted peptides encoded by a region of the H. pylori genome to which no function has been assigned (64) . Therefore, further study of H10407 may provide additional insight into the pathogenesis of ETEC as well as H. pylori.
The role of tia in the pathogenesis of these organisms has not yet been determined. However, close homologues of Tia have now been described in two pathogenicity islands, PAI V from the uropathogenic E. coli strain J96 (63) , as well as a putative PAI in Salmonella serovar Typhimurium and other pathogenic Salmonella serovars, including Typhi (11, 28, 29, 44) . Another tia homologue was cloned as a hemagglutinin from a porcine ETEC strain by Lutwyche et al. (43) . In experiments not presented here, genomic DNA from this same strain hybridized to all of the probes from the H10407 island, suggesting that some human and porcine strains bear closely related islands.
The present evidence suggests that this island is largely distinct from other previously described PAIs in E. coli, including PAI 1 (37) and the locus of enterocyte effacement (16) , both located in the selC genes of uropathogenic E. coli 536 and enteropathogenic E. coli, respectively. Hacker et al. noted that PAI 1 is unstable and is spontaneously lost at a frequency of approximately 10
Ϫ3 to 10 Ϫ4 due to the presence of DR elements flanking the island (37) . While identical DRs flank the H10407 island, its stability in the chromosome of this strain has not yet been directly assessed. However, the marked heterogeneity seen in hybridization patterns among different ETEC strains raises the possibility that, like many PAIs, this island may undergo deletions or other rearrangements following integration (27) . The presence of a Tia homologue in close proximity to a P4 integrase in PAI V described by Swenson et al. (63) raised the possibility that PAI V and the H10407 island are similar. However, we were unable to amplify cnf-1, a gene contained on PAI V, from either H10407 genomic DNA or the tia cosmids, and sequencing to date has not revealed the presence of a cnf-1 homologue.
While the PAI bearing tia is the first pathogenicity island to be described in an ETEC strain, the heterogeneity of these pathogens in general and the presence of multiple PAIs in uropathogenic E. coli (26) may herald the finding of additional PAIs among these organisms. Indeed, another putative adhesin, referred to as Tib (18), appears to be encoded on a large chromosomal element of low GϩC content in the H10407 genome distinct from the tia locus. Similar to that of Salmonella serovar Typhimurium (11), the overall fitness of an individual ETEC strain as a pathogen is likely a cumulative reflection of the compilation of virulence genes maintained in its arsenal.
